Abstract: The oxidation of 1,4-diacetylbenzene using several oxidizing agents gave 1,4-phenylene-bis-glyoxal in 61-85% yields. A convenient and efficient synthesis of bis-quinoxaline and bis-pyrido[2,3-b]pyrazine derivatives involves the double condensation of 1,2-diamines with 1,4-phenylene-bis-glyoxal in ethanol under reflux conditions. The structures of the new products were defined by proton nuclear magnetic resonance ( 1 H NMR), carbon-13 nuclear magnetic resonance ( 13 C NMR), Fourier-transform infrared spectroscopy (FT-IR) and mass spectrometry (MS).
Introduction
Glyoxals are important building blocks in organic synthesis, particularly in the synthesis of biologically active heterocyclic compounds [1] [2] [3] [4] [5] [6] [7] [8] [9] including quinoxaline derivatives [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Synthesis of a quinoxaline by the reaction of a glyoxal with a 1,2-diamine is part of the general strategy involving the reaction of 1,2-dicarbonyl compounds with 1,2-diamines [27] [28] [29] [30] . In continuation of our studies on the development of new synthetic routes to heterocyclic compounds using arylglyoxals, herein we report the synthesis of new bis-quinoxaline derivatives 3a-f in a 68-94% yield via condensation of 1,4-phenylene-bisglyoxal as its hydrate 1 (structure in Scheme 1) and 1,2-diamines 2a-f in ethanol under reflux conditions.
Results and discussion
The glyoxal hydrate 1 was synthesized by oxidation of 1,4-diacetylbenzene using different oxidizing agents in a 61-85% yield. The SeO 2 /dioxane/H 2 O system is preferred to other oxidizing agents as its use provides product 1 in an 85% yield after crystallization from water. The use of other oxidizing systems described in the literature, namely HBr/DMSO/H 2 O, CuCl 2 /DMSO/H 2 O and I 2 /CuO/ DMSO, furnished compound 1 in the respective yields of 73%, 65% and 61%.
The condensation of compound 1 with 1,2-diamines 2a-f in ethanol under reflux gave the desired bis-quinoxalines and bis-pyrido [2,3-b] pyrazines under catalystfree conditions in a 68-89% yield (Scheme 1). The use of unsymmetrical aromatic diamines 2b, 2e and 2f could in principle lead to isomeric products, but the formation of a single product in each case shows that the reactions are regio selective. As can be seen, in the condensation of bis-glyoxal 1 with 4-nitro-1,2-diaminobenzene (2b) and aminopyridines 2e or 2f, the more nucleophilic 1-amino group attacks the formyl group in the first step, and the condensation of the less reactive 2-amino group with the keto groups occurs in the second step, leading to the formation of bis-quinoxaline 3b. The reactions of aminopyridines 2e and 2f with 1 follow a similar pattern and furnish regioselectively the respective bis-pyrido[2,3-b]pyrazines 3e and 3f. This reactivity pattern is in full agreement with previous mechanistic studies on the construction of fused pyrazines [27] [28] [29] [30] .
Conclusion
A double condensation of 1,4-phenylene-bis-glyoxal with various 1,2-diamines furnished bis-quinoxaline derivatives 3a-f in high to excellent yields. The simplicity of operation, high yields and regioselectivity are the key advantages of this method.
Experimental
Melting points were measured on an Electrothermal 9200 apparatus and are uncorrected. Infrared spectra were measured on a Spectrum RXI, Perkin Elmer, UK Fourier-transform infrared (FT-IR) instrument using KBr disks. The 1 H (300 MHz) and 13 C (75 MHz) nuclear magnetic resonance (NMR) spectra were recorded on a Bruker DRX-300 Avance spectrometer in DMSO-d 6 , CDCl 3 and C 6 D 6 relative to tetramethylsilane (TMS) as the internal reference. Thin layer chromatography (TLC) was carried out on a pre-coated aluminum sheet with silica gel 60F 254 obtained from Merck, and detection was made with the help of an ultraviolet (UV) lamp (λ 254 nm). Mass analysis was performed on an Agilent Technology (HP) 5973 Network Mass Selective Detector and high-resolution mass spectra were recorded on a Kratos mass spectrometry (MS) 25RF spectrometer.
Synthesis of 1,1′-(1,4-phenylene)bis(2,2-dihydroxyethanone) (1)
A solution of selenium dioxide (1.55 g, 14 mmol) in 90% aqueous dioxane (10 mL) was treated at 100°C with a solution of 1,4-diacetylbenzene (1.62 g, 10 mmol) in dioxane (12 mL). The mixture was heated under reflux for 14 h and the precipitated selenium was removed by filtration. The solution was cooled and the resultant pale yellow precipitate of product 1 was collected and crystallized from water: yield 1 
General procedure for the synthesis of bis-quinoxalines and bis-pyrido[2,3-b]pyrazines (3a-f)
A mixture of 1,4-phenylene-bis-glyoxal (1, 1 mmol) and a 1,2-diamine (2a-f, 2 mmol) in absolute ethanol (10 mL) was heated under reflux for 10-15 h, then cooled and the resultant precipitate of 3a-f was filtered, washed with ethanol and crystallized from ethanol. 
1,4-Bis-(quinoxalin-2-yl)benzene (3a) Reaction

